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(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce the occurrence 
defects as much as possible in an epitaxial layer and in 
the region near the interface of the epitaxial layer and 
a substrate wafer and to add excellent gettering 
characteristics, by using a silicon wafer containing a 
specified amt. of nitrogen as the substrate wafer and 
depositing a silicon single crystal layer by epitaxial 
method on the surface of the wafer. 

SOLUTION: An amt. of nitrogen in the substrate wafer is 
specified to 1.0x1012 to 1.0x1016 atoms/cm3. The silicon 
wafer 1a satisfying the above condition is produced by 
Czochralski (CZ) method or magnetic field-applied CZ 
method by using fused silicon containing 1.0x1016 to 
1.5x1019 atoms/cm3 nitrogen. By incorporating a 
specified amt. of nitrogen, the density of point defects 
during growing crystals and aggregation behavior of the 
crystals are changed to suppress production of minute 
defects or void defects in the epitaxial layer 3 and in 
the region 2, 1b near the interface. Further, proper 
crystal defects are produced in an IG layer 1d to 



enhance the gettering ability. 
COPYRIGHT: (C)2000,JPO 




(19)0*B»fftf (JP) 



02) & M 4# & 4R (a) 



#582000-109396 
(P2000-109396A) 
(43)&0BB ¥^12^4^ 180 (2000.4.18) 



(51) IntCl. 7 
C3 0B 29/06 

H0 1L 21/20 
21/322 



5 0 2 



F I 

C 3 0 B 29/06 

H01L 21/20 
21/322 



r-73-r(##) 



A 

5 0 2H 



*3E»R »**<OR12 OL <£26H) 



(21)UigI## 


-84916 


<71)fflf|A 


000006655 










(22)fcUiSB 


¥&1 1¥ 3 M 26 B (1999. 3. 26) 




KSfR :: F«BBK±^»r2Te 6S3-S 






(71)fflg|A 


000111096 




4tK 3 F10-224829 






(32)«$feB 


sp^l0^8H 7 B (1998. 8. 7) 




*SC4K**KAT«HTB11#12^ 


(33)«$fc*fcfcl8@ 


B* (JP) 


<72) m*m 










w&i\mnwiti*mm.#m 3 -35- 1 »f 














(74m«A 


100072349 








#S± ABB (tt3«) 











(54) ^U:3>¥JS#^&t*E-©§83g^* 



(57) mm] 

cam] jitr$+^+;nBF'3So*if$+'>-«' ;ni 

& < > W ^$^it^IMI^?:^-c i> x f $ * is * )\> 
-J> ^c* -r^' X y o -fe x ^joatc fcwsy»$ 

CCx t * * J/ + JUS *lttS L X £ •> V 3 >i}£ig&S« 

trscijeto. ±iesff)*^T#5. c©>";^ 
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1 

[ 1 ] mm&G&tt l - OxlO lj atoms/cm 1 

fcLbl. 0 x 1 0 1S atoms/cm 3 «Tr^^'i3>^^ 

Office j: o ^> y ^ **ffl or * £ c <b£« 

Ctt«^2 ] t^^Sl^ 1.0X1 0 17 atoms/cm 3 
SlaSCcx f jr * u * Office J: O^tfa >*BIWB £*ta 

fcl^r, fiS&ITrO. 1 /im«±<Dig a s B ^PScD^g^ 
5X10* f@/cm 3 HTt*SCd:*«fairS^y 

C »3#» 3 ] Wm^MW 1 . O X l 0 1 7 atoms/cm 1 

ffiK: x 1 3? * f + JUffitc <fc o is y > JWSHJf * *« u 
^r, BSaWr2 0nm^©|ga^affiiO*ffi*$5x 

x f * * > + ji mc J: 0 JHR L tc ^ y a >tt£fi Jl© 51 
ffi^6SgS 1 /xm*rcD«««:*5Cir, SfcCcEggSflL 
TO. 1 /z m«±(D*Sil5Kffi<D«S»* 5 x 1 0 4 MX c 
m 3 «Tr45>4nW5JH3l5«<C)^ y=i>*»#««. 

fcl. 0 X 1 0 1J atoms/cm 3 feLh 1 . 0X1 0 14 atoms/ 
cm 3 ^T$WUr&S»*«2-4K:ieiE6Dt/y 

fc^r, iBSSMrt? 2 0 n mtt±©ttfifcHS»S# 1 X 
10' fH/cm 3 «±r*-BW*3Sl-^5K:E«©^y 

[|f^3S7] 1. 0 x 1 0 16 atons/crr^ JWJL 1 . 5X 
1 0 ^atoms/cm 3 tTFG>3** y 3 >Mfeg^r 

fla^rwjsE L/c > y n >hmsh2p *>?#/<:<> 40 
jufficc <£ 0 > y n *«Stts c 

v^^—mtz*). ssiajS^e>8oo-c<D^as 

leffi£2. 0'C/»«±<D^iISrWStL//c^y3> 
^S^6f#/c->y a>^x^3:i/:/;* h h ^x;> 

Ail ^ita-r 5cit«titJ^»;'3 >^2Sf*«e?© 
mxkxm* so 
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7J^-»Cj:») 8 0 0-C-4 0 0 *C<Dt£A&ftlBH 

*i. or/»«±©^asrwjiso/ct/y3>*is 

fi^6f#/c^y 3>^x^^:1/^X h h ^x^<b U 

£*s-r ^ci t -r * j/ y n 
CSM&a 10] 3=- a ^Ji'a+H^ttfcfcHttQ* a 
r . l±*fiR^o v =j >¥ttA#iRS*ft*>6 8 

00 , C0*SSfiKIiH*2. 0 , C/»Jy±<D^4PSSt? 
WiSU 3l#lft#8 0 0*C~4 0 0^®liA8U£fliiH« 

1 . 0 -c/ftVL±.(ottimmxifT&i,tcis <j =i 

mHO% 11]. 1.0X10 "atoms/cm 3 JM± 1 • 5 
x 10 1 ' atoms/cm' WT©fSR*Mt 6 ^ M 3 >Wffi. 

=> >#fe H H B ^W^-r ^»*^8 ~ i o (cis 

a * 7 ^ * - CC J: «3 WfiE U fcV U 3 > m^ a ^*> 6 » 
>J 1 0 0 0*C«±1 3 0 0*CJ-^T<DS 

fl» 7 - 1 1 «cSBtt©2/ 'J 3 

[0001] 

[0002] 

*S B B a ^RS*i f'U^ J£jj£B$©7^ -f X / < *> - 
CLtcQ. ^-(XCDatlfPpm^^lttaCL. fvW* 

mmiCO. 1 ymlilSCif h t bTtfcfcH;**i&COP 
(Crystal Originated Parti cles$>-5>H(3:CrYstal Orig 
inated Pits) iBf«tx-5^RBd^a$nn>-5. Ctl 
\ZU <) a ls*mWm®.*T - T - fcTkSS^S^ 



3 

tfc3£i$Bfc:J:0 C<Db* h&mfe$ti2>tc#>> c<DJ:*> 
icmiti*. COPi«C(DJ:^&«'JS^rlftUSti 

X*- <CZ) ttfcO<tt^*^OfcCZfcCC£0 

fi^Btat«*Hifi««:^s -Steely 3 >*##S 

3*SWB3USffi3r «c i: 0 > y a > 4U&M ^xf^i/t 

[0 003 ] xt^^t^'J ±j£L/c 
i 5 Cc» y n > -5 * ^±tcKSR^B*s <t A £ "SS & 

^y=i>»«*f#5/c«)fc«, xt^+^tjn*«i 
{B^SSr- a 4 # % ^ g #K iiir ; * a -fe x * 

Wr5^B*aK^0iitoCifeiSWr*S. tit. 
If JjDT&fgftCC C^CCJSa^KOx b* £ * 5> + ;l/ 

s/y3>*aw*«R*<B=i^ h-c«Bfir*4<t5ccrs 

[0004] *cr, xb-#*w;t/SiK&cj?K>*>*i£ 
s^y av^^ccoi^r, »B2fl^^ffi*S6^^ 

m«s writ 5 - 2 8 3 3 5 0-^fi««C«, -f > 
h ^y*£y>^ ( 1 g> aas+ifc^*^cc 

H«rtr«W!ffll*lt'rciCCJ:0, ->*^WR*6^y 
^8 -2 5 0 5 0 6#^«cca. misfi^y 3 w>=* 
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sb(D I G«aiS<t. ttSRftW'n ( BMD) ttK&Mfll 

;i/«axa*?f ^ciccctoT, BMD«misflim«: 
sect, i#ia^9 - 1 9 9 5 om 

&mat. #£®J»«ffltcj:*), «BCC«JR^B (D 
Z) Jl*Wr*J&&ttLS I %mmm<t; *) SEJVCC S i O 

•?*^Sf*©IG«r**««r4C<!:«:*« 

*^ + ^fiEfiCcW»3&:eS^B«:^tc«m*0*n 
r, xt^ + ^^JUBWCc^B^BO^iO. f^VX 
«JBXaT^B^Re-r*IWH*ja**iit«: % ffft^L 

24 0 6#4i«K:W:, *?>*5D«>5 x l 0 6 
(0±<O««a[ttlS»^B**trlf hl/-h^>^> 
^x^(cxt^f>t;Wg$l *«rtspccy^^y 

o*n-r. xtrdr*^+^«rt«:^B*s»ai/fc9* ^ 
30 ^ a xmmjLmx:mfe&mm? & mm&$> ^ it. 

[0 00 5 ] -^T, *>ya>9x ^a®(DC O P S:-/H« 
5Sgag£0. 8mm/»HTiT5St» (SM¥2- 

26719 5-^&$r) , m&gk<Dm&mh<Dfflw, mc 

m£&&ffi 1 2 0 0 1 0 0 O'CcO^SffiS^jl® 

rs^n%*i»rs«»s (#ea¥8 -12493% 

«L ««!¥8 - 9 1 9 8 3#&*R, ^18^9 - 2 2 7 2 

am*. a?L*B*fta»3frr**s?La[^B (vaca 

40 ncv) OHSS0ES#BBr©2SAS«:«^S-&. ^/c^*S 
CC»^r*iattffittffifl5SMfcXB (vacancy) 

<0lSfl^B%»flfeS-tt4iC^IB«*ftofc. S 

b<D<D, COPffiS©fi«W1R*al 0 5 fly/ cm 3 SJg 
*»Bffr» I45COP©iS«, WitfSxio 4 ffl/ 
cm 3 «TO*Ktii*r*C4liH»C*ofc. 
50 [000 6]$/c *«liWJSR«F«CCOP*fi«SH*& 
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5 

tsffitwecfc. massif >rf? h^x^^x • wmc 
{£« • mm2&z>mwii>&m2ti-a.>2>. mux. &m 

835 9-2 026 4#fiffi"C«. 7K^#H^cfr^S 
I©COP4?3i?H*. *>o»f>0. 5 umUP)<D 

:/y 3>^x^ccxt;£+^'i'.'L'Jl ; £*taoT&. ^ffi 

#>6©at2#0. 5 MmWrtco^RgtW-C^^+^-C, 

©i&miicc j:-,nf$+i/t >\>mn icmgkxm 
$ ate*) -3 tc*). mtc. fcmmmtic <t 

-c-> y 3 > ^ x ntommaxm zmHcmwt s a . $ 

x^©I G#14£«b<<£TS^^S£#5P.J , fI£W?-•^> 
[ o o o 7 ] j/ a >«is*(caBR*aajnr a c t ceo 

t>-C. 8SJn^ffiKKIL'C(i^iaBS6 0-2 5 1 1 90f 

^*^*j^ie>*Tcus. (fz) <£mn, 

lasi-tzmsmutmrnt lx. &mtg5 7-17497 

f5-29478 0 -Sf&lgCCtt. 3>ip(caSJjnLfc 
*UU ^B^Iii^^ntUSi^k^ h© 

isfeWW3ftsc£#Biii*£ftrt,>.&. u#>l. k. k 

akumoto, et al . ; Proceedings of The 2nd Internati 
onal Symposium on Advanced Science and Technology 
of Silicon Materials, p. 437~442 (1996)(C^5tl 
•2, «fc 5 ec . M3gi^?Li l, ■tc&M1fi3> < ft £ £ 

CO 0 0 8 ] 

a. 

[ o o o 9 ] -ec-c. ±asL/cse*^«:*j 

W ■£> P3JSj5*«& L, . if«->t ;Hlfo «fc tfx e £ * 
f6££Gi«>-e4>ft< . 3 I G«fttfe##l/fcJ*a)» 

-cfg =i * h ft x tr * + f * v y 3 > 
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CO 0 1 0 ] 

CSSI*«9lT-&fcfe©#l8J i^^t^'ja^ 

*s. apt. ( i ) iSMi^ i . o x 

1 0 1 3 atoms/cm 3 M± 1 . 0 x 1 0 1 6 atoms/cm 3 JiiT© 
3>?x^£-y-7'x f- U- r ^x^£l.^-©3t® 

rttici*i*«i-r*i";3>4iaw*Jt«. (2) 

^JP^WSrt* 1 . 0 x l 0 1 ' atoms/cur" tt±©-> ';n> 

^ t- jumic <fc 0 -> y 3 >#MS)1 l t ft £ ^ y 3 
r. 4>ft < £ 4>S?fB^^^ hu-h 
^Aiih'^^t J: <3 Jig L/c-> 'J 3 
H,Jl©Wffi*6e£S 1 «m3!'C©SWc*it,it. iEM^ 
»r0. 1 /imli(±©IS B B B iXR|©mS*5 5x 10' 1/ 

20 ( 3 ) SJS^Wa^ 1 . 0 x 1 0 1 'atoms/cm 3 

ccx f * + 1/ + ju^ccj: 9 1/ u 3 >#*| b iji *i» u r 
tts^U3>**«Ea«-c*^-c. 4>ft< <t fefris-yT- 

XH/- h^*^txf^+-> + ;U^cJ:«?i(agC-/i:-> 
y3>#feSg©Wffi*>?>ai^ 1 wm^-CCMtSKfcls 
r . iSS^S-C 2 0 n m«±©ISfi^RS©aS36« 5 x 1 
0 1 <l/cm 3 UiT-CA>SCi^1^c:-r^^y3>^ 

^f*SK. (4) ^ft< ifeBtrie-y^ hu-h-^x 
nixtii+j/t ;t-S«c «fc 0 *S Ufc^ y 3 >#fe B iM 

30 <DnmfrhW.Z 1 /imilfCWfcl,^. 

MrO . 1 u mJit±©ISS^RS©afg[*5 5 X10' I 
/cm 3 JitTr&S (3) ldiS©->U3>i)£^S^. 
<5) mUf?X rU- h'Jx^SeccaBRtl. 

0 x 1 0 1 3 atoms/cm 3 y± 1 . 0X10" atcms/cm 3 Jii 
TMLr^J (2 ) ~ (4) (CgaS©->y 3>^#{* 

s«. (6) friB-y-^ h u- hr>x^©j?*cfj^{c 

fcO^r. Bg«SStr2 0 n m«±©IS«^l8«lS*« 1 x 

1 0" i/cm J Uli-C&Z (1 ) - (5) «CIB$S©~> 
y =i >mm#mU. (7) 1 . 0 x 1 0 1 • atoms/cm 3 

40 tLhl. 5 X 1 0' 3 atoms/cm 3 MT<D$mi-g$i? Zis 

y 3>^x>'^?:•y-7'X hb- h^x/N<bL-€-©*ffiCC, 

x f * +^ f j: *) is y 3 >*eaig z mm $*tz 

C t «*ftt <b -f ^» y 3 >*i»#«R©«ift*«fe. 

«t o . eHjas*>6 8 o o •c©$s B B a vasiaffi : S: 
2 . o -c/^Jii±©^a)iisrWBSL//c-> y 3 >$jgn 
*>6f9/t^ y 3 >^ x^^r-y-T'x i-u-i^xAtt^ 

©^®{c. xb-^*-> + ^(c<fc0^y3>#^g ; fr 
50 ItM-rS C 4 t»14T4J/ y 3 >33M*S«<Dl£fi£' 
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JU* 9 8 0 0-C-4 OO'COtSMSIi?: 
1 . 0 •C/^«±<D^*PjIS-CWfiSLfc'> U 3 >iJM£H 

©*ffi{c. ifii^t ;pffitc <fc 9 -> y 3 >#teJi/l£ 

it« s c <t £i#8f< £ -r s y 3 

m, (io) *3t> : 7)\<z*-mx.temmwm?-a2 

v ;l> * * -&CC J: 0 if 52 0 y 3 >iH*£J|-C* -> ~C . 
*SB5l±W0W»©i' 'J 3>$MSB«i»B»a*»6 8 0 0 
•c©*SftaaEKffl*2. o °c/^-«±©^iP3S^rWsX io 
U 8 0 0 °C~4 0 0 "COttAaftttH* 1 . 

o •c/»a±©jft«iiaa'cwssofc^ y 3 >*ea,*>6 

?#fc->y3>^x^£-y-7'; 7 . h L/-h>5iAtU-toa 
ffitc . x f f * f ;uffitc <fc 0 7 =J 

(11) 1.0X10 1 'atoms/cm 3 £Lk 1 . 5X10 
•'atoms/cm 3 ii.T©£3&*^rT &f 'J 3 ^Sc^fi!^ 

r~>y a^^es^WfiS-rs ( 8 ) ~~ ( i o ) tests© 

~> y a >*39«««OHJS^rj* . (12) fa?7^ 
L-/c->'J=i>^ B ^6f#/ci"J a^fx^* 10 0 0 

•cw± 1300 -c«T<Dasr 5 wjL±mm* utci> 

tAffiKj: y -> y 3 >*«r»i*ifwr* ( 7 > - < i 
1) Kgatt©i";3>*»«:*«o«a*a. -c*s. 

[0011] 

[0012] %r. m i ©few*, ^s^s^ i . o 

x l 0 1 3 atoms/cm' U± 1 . 0X10" atoms/cm 3 «T 
<Dis<J=l>? r-^x^i L-?-©3tffi 30 

iC, lf«->t JU&iC J: *) is 'J3 ^SM&gJBfciiSi 0 

[0013] -> y 3>3*^©^MW1$14©^I:^7V'* 

-r x*^«b#©8W*k& £*©xpe#s£&ita c -r c £ & 

(J, •>';n>'5xMcfi©^^WS ; Sr 1 • 0xi0' J at 
cms/cm 1 feLhl .0X1 0 1 3 atoms/cm 3 KTFif 

U - r x ^ 4 L -e-OD*® x f £ * •> * -iW^tC «t K> is 

<; a^ms&£km£i&m?z>c ticjzK) . xb-s+^-wu 40 

®ct3-f>xf^ + >' + ;Ki<tK-^7'X h U- r 9x^©|? 

ffijfi»-c©ak/j^Bt>ffin^B©j(fi^*«i»iir s 1 1 h 

^t*i©SSR#Wa«S. 1. 0 X 1 0 1 3 atoms/on 3 *?ffi-C 
tt9*^»m©«Me? r©*£*W»Jr*r. 1. 0 
X 1 O^atans/cm 1 Srii. + + y ) T v -i ~? % ■( A-^Jg 

ycr. xf*+->^;m*JifBLr&^w^->';3> 
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jg^WSte. *f>J-®lK*-5t^iS IMS ( Secondarylon 
Mass Spectroscopy: 2'X4 * ^fffifl-tff&g) 
SCi{C«fc<3«ISt?#S. #^©iR-C©liJ^tt. Applie 
d Physics Letter 4 7f, p488, 1985 JCifitg 
©#if£{Cg£t\ 9 6 3 cm-'©ac^r©?RiJXf-^^6 
^fitfJKS 1 - 8 3X1 0 1 'atoms/on 3 £ C £tC «fc 

[0014] J&2 ©#6W«. KS^Wfitf 1 . 0X10 
17 atoms/cm 3 VliJDis >J 3 > i ^£+r:/X hi — r 

i^iif ©Office x f £ * ~> -p ;i/S«c <k*)is>) =i># 

&V(DmWtC*H>-C> ifiSJ^-eO. ltim«±©?}Sfi 
«B©«flW«5 x l O 4 fi/cm 5 HTC*iCi41* 

[0015] ^^?Sa?r 1.0X1 O^atoms/cm 3 «± 

tr y 3 >ae?©ssis^«tt. ffl^'is^^^cc 
<fe^m^y3>ira*3a*i/iB»ssfi3-esczffi-¥> 
fiBWEittnczsfcjfowi^its-c**. ^-^c*>^, 
->y 3>aKK*3mLt:i^5^;i'^#*€.KfJg*s-> y 

?»Krsi«pi»r*4. ^ y 3 > ^ x ^©®^ws*5 

1 . 0X10" atoms/cm 3 *«'C«>' y 3 > ^ x ;n<DJ& 
«i^S^^x^F«9gpr© I Gtt^*5fiTT-SC<b*5 
6. mm^Mtf 1 • 0X10" atoms/cm 3 Wi©^ <) 
ztls's x.^ftj£^-C$}% 0 iC5T, ->y 3>^x^Mti 

-ec-c. x.nz*is+jimv>5hmcmz-ris<) 3> 
•wi/@#Jifl$ns-y-7'x h u-htom^hsv 

y3>-?x^C>^ffi:fr»6j£§ 1 m m*-C©^l|S-CCD$S^ 

-co . id meLhofea^B^^aeci-ME-r s t . if 

jt§*£&8piH>4> ©-Cife-*.,, -y-^X^O. lMtnW±© 
uxmitKf&-c& ft&ois y 3 > 
^x^r«K^?L^PS«, 10' ll/cm 3 igtt*»*n 
W±#SL/T^/c. iCo#. BJriESi«-C©0. lum 
«±©*SB B B ^RB©mig^5 x l 0' <l/cm 3 «T-Cft 
fttf. xtdr*^i-;HtfflXS«C*JW61r^S<bL/-C 

©fsyaaxuriia^Ri'iriRiffi. ffiift?SisSL-r^^tT 

^S(*S«?r?#^Ci*i-C*S 0 8WE««-rO. lum 
«±©tt«^fB«fll[**5x 10* I/cm 1 ffl-CK. x 

;t/S^l ymSSillOiS^, f^-YxtiitXfi-c© 
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[ 0 0 1 6 ] l& 3 OftQBKSHteVBtf 1 • 0 x l 0 " 
atoms/cm 3 JiLh©'> V =">•? x'^VfX hi/- h 9 * 

ctDiilfci' 'J ^^IgfBaoSlJJ^'SJ 1 /xrag 
-e©M^«: *J ^ r . aSftfifc 20n mfcUbOttfi^CRS 10 
©^g#5xi0' <I/cm 3 «T"C*5Ci«:»<!: 

[0017] ittSfiSff r 2 0 n m«±©*S«il^fii«:. ffif 

9 . $>*>^ tttt££XflB & &&<<: x f * + ^ + ;Ug|*3K: 
*ffc<cXK*iliB*hfc»)-r4«(Hi<c*. ft*©^ 20 

COJ:9&*/hKBtt. 10' i/cm 1 Sg*>th« 

Otffl^ijiaSi"; n^x^ofia^gHS 1 MmSr 
(Ommcis^X, gffl£irC2 0 nmlXt©& H B a ^fil© 
gS*:5xiO' <i/cm 3 liiT-cafitf. ifW-> 

mtctexfctm&z y 3 c 

±©*£Ji:XPS©3SS#5x 10' {i/cm 3 iS-Ctt. & 

■T5^^?L^K3R^«iBl* s x b**+->+ Jl/Hrt«cit:K 

•FfcttlSrtfclB'Srx b + Jl/RrttcStig. BfiZU-C 
f^U^ SSifefc'S 0 ©<ST JIB 1 1 £ £ . 

coo is] 3 etc, j m2<z>5mt%iz<D5m*mfr'£: 

t>M:TcW4<mm. Tttfc-fc. &3RSWa# 1 • Oxi 
0 1 'atoms/on 3 kLh©-> >; a > x^tt:/* b U- h 

ffiK«fc l )«10fcl"Ja >*BfiJB©^B*> 6« S 1 w 
m*-C(0^{cfe^-C. ttS&g-CO. 1 amfel±<DtS 
£^RS©fflg*i5 x l 0' <I/cm J tlTT. 
»Ir2 0 n mfcLk©teaWB©«tt:#5 x l 0 5 ffl/ 
cm 1 fclTr*-5Ci«:Wair4*»(*a«i-r4C 
£CC<fc9, ^PS^ie^^SS^ec^^t^XRSxf^ 
* 1 2. •> 'J ^ >f glMfii t i C t *it 

so 
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[00 19] ttc. S5©l61ttf2-4©^i©xh: 
41. 0X10" atoms/cm 3 iU± 1 . 0X10" atoms/ 

[oo2o)^i ©law-cgwii l- tc£ *> las y 3 >mm 

KB*ffl8!EL*>T< LT. .fcOSE^&JtlPCHBxfc:**^ 
■c ^m&^-t £ > >) 3 H^-C* &„ 

[0 02 1 ] M6©^qg«. 3g 1 ~ 5 ©#P^-C 

hU-FVUa^^ ^©H.&^MiiiCCiot,* 
r. fiS»»-C2 0 n mUi±0«f«XHB©a5a*i 1 x 1 

SIJ-T'^ h U- bVx^mMfrZ 1 MmJcOai 

JflL<tt20M m«±i*j»o«**JS-r fe©r* 
4. h h ■5*^rt»«««caS«»r2 0 

nmfcU^ttfifclB* 1x10' i/c m 3 «±?ras 

[0022] &fc\ 1 ~» 6 ©#£Hj{j. ~> 

3 > x >'^©J:b^gln©^ii©^^{5I(cMto 4 *>© 

[0023] w±©<fc ^ o y^m&mwDwm-fs 

[0 0 2 4]I7©^«, 1. 0 x l 0 1 • atoms/cm 3 
feLhl. 5 X 1 O'^toms/cnr 1 eiT©SSS*^ : ff-rS'> 

•J 3 >Bt»*ffl«,»r c zax«iSt8Enflnc Z <fc 0 w 

v) o z> >mt£M,m$:wm-r z y => >^js^ss©sj{ 

CC^SCIUStCijl,^^ 1 . oxio 
"atoms/era 3 «± 1 .5x1 0 3 ' atoms/cm 3 &.T<omm 

- h * ^ i L -e-©^® (C is y 3 H./1 4 x b ^ * 
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c v Dffi^cc a -o Tits § t*/c -> >j 3 > x »\ * 

KWJj^^^Sa^OHtff^t**^ W. Zulehner an 
d D. Huber; Crystals 8 -Growth, Properties, and Ap 
plications-, p. 28 (Sprinqer-Verlaq, New York, 1982) 

mmzm^xi&i^imz>zt<,c&K>w&*s. oxi 

0 1 3 atoms/cm 3 feLh 1 . 0 x 1 0 36 atoms/cm 3 feJT^W 
^Si^y ^^^©M^'SJ^&S,, tin. xb'£ 

fssmiic. *jRx/x»Hafg-c»f« <-««:» g o o-c 

*>6 1 2 0 0 'CWiSHrt©— 3£fig> ©sst$$-e#?„i 

nam*. a3>$u-i/ 3 >iMo t ')* ais 

JC x b $ * is + JUiSJg SrfiXfi $ * S ©r * £ . 
C 0 0 2 5 ] 1 . 0X10 13 atoms/an 3 «± 1 . 

0 x 1 0 1 ' atoms/cm 3 WTOiSS^* # -S J: 5 fCJ^S 
3 #/ci/ y 3 > ftAtt . % 1 ©IWTCSWi 0 /c 4 *S 0 . 

£fbsi±. tt»t«ccop«:ft«sn*o. ungft 

^n«±©£?l^lfe£^3li-&l>. MS. ttA&S 
BtJC^SiajS* 5 1 1 5 0 °C~ 1 0 5 0 0 C?ia©«Effl©l:t 

m&imit-rz. —is. mmt 1 o o o-c- 4 5 o-c© 

JET?»IMk3-ttfcM*t(TB**»*S-tf4. WK. SEX 
^f?©-> 'Js^ix^ *©St^®flR«Tffl^©BSS« . W 

ar^^wa^o^b. mrai©ifd?^i/f ^ 

mic£-?ris<)a>v* »mffi&mc&&* -2. *> ©»§ 
accaw • tot -ra. *©*sm. u--rx#ia«t!«rc2 

0 n mJSl±©«/hfc«a'5 x l 0 • M/c m 3 J^Tt?* 
& <fc "5 &j5I^* s x b * f )Vm<D?*rji P>-f x b * * -> 
i-JKlliaHU©-^-^'^ hU- h is 'J x-^&Mfrh 
4>&< 4&S3 l *im*r©«isS(c*n,>rs 1 B«:3K)a*^- 

mmtzzttj;<x.z$*zsTj\,igMmTMzm-cbft 
^Msmmmmit-r i * 1 o° i/cm ! fci±r«a 

Gj»**i« §£3 trfc^ y =i >¥J9fls»«fc»ja-r a c 4 

a«JfiB4ftS. 

[0 02 61 18 ©«WW: C Z gXttfittBEflftlC Z fife 

cc «fc o is y a > jjmsh? i±w«t:*«c^ y a >«»a«fi 
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mug.fr h 8 o o •cotegia&ffiffl* 2 . 0 -c/^ai. 
(Dft&mm-etit&LmmLtcisv a^^^iej^ 

(0027 ]->';'3 >4M&I3 i±jasa*«:*» t»r . mm 

8 0 0 *C©aiS1fi«* 2 . 0 'C/ftVL±-e&& 
3tt£C 4 HE. j^B©»|l*«IWlU27L^PB*fia{k 

10 jmiu-rs, ■&©»*. xfjt+->t^sigicfei,>t 
ti-y a x\tm.wsm--c o . u mw±©^?L^pi*eis 

{fcS i±S 4 4 fc K-y -< Xft 2 0 n mK±©a/McBtifi 
C 0 0 2 8 ] »9©»Wtt. C Zi4X«K»EnttI 

c z shc «t o is y 3 >*ua? i±wsshj{c ^ y a >ms 

S«r 8 0 0 °CA^ 6 4 0 0 ^©SSzaaffiH* 1 . 0 *C/ 

^•«±©^*PiiS-c^*p btcis y 3 > x ^*x 

[0029] i/ y a >*iga9i±fiSfiiiitc*jt»r . 8 o 
o*ca>6 4 o o •coumm* i . o •c/^-iii±r*a^ 

*ffl • ^•ti-fb^ffijirs. c©«t^(cL/-cSfjgL.te->y a 

30 ;L-Ji£S-r-2>C44Cj:-oT 1 xb^*-> + JUfiESXIi 
aymw&mJMicie^Xis l J 3>^*^a««« (f^c 
xb^ + ~>i'Jl'J14-y7'^ rU— h i^©^S 

{cij-y--cx«its»#ro. 1 mn«±©SLX 

R5*(gjH5fb3-a-'&4<i:feiC-y--fX*i2 Onm«±iD»h 
*Bfcffi»fb3tt. i"J=»>a«rt»«:ttl G«fi 

[003 01 H0 ©^bj«. (gaas^e 8 0 0 -c© 

Sfi^©^?#4 8 0 0 "Cfrh 4 0 o *c©^?^©M^r© 

a«»*3 6cc*«fb- TSS^b3ti-xtr**^+jng 
- h -> y 3 *^p^SBcc«r z.MfeJjmicte^x: 

I G^m*tt^TSi^S;a^ifS B B B ^PS?rie^3#-5»C 4 
toss. #^^';3>-f>37 h4?|±fiS^(c^ 
^m ; £SS»-i)C4(* > a« x S^WDfC©?^aJfigyj?riiS 

50 TSJ?»m4>4>fc6>U. fi3^KkSi*SSft*fe*i. 
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c o o 3 i ] m 1 1 <omm*. &%miut i i\±j&&& © 
wit. v u- \-is*)^>< x )x.^<DWk : &fim-c$>«). m 

-> y a > ^ x ^gmoi&ikxm *m>k^t<?z>Lt 

hie??* b U- h'>U3><?i^F«ggp©|Sil^R|?BS: 

[0032]»12 ©IMBW. JJBCfc^T t/cS^^ 10 

bU-h^x^. *iJ:c«-*i 
fc-y-T'x h i — h£*^*B©J»tf*ft*flE3frr*A:J& 

^*si^««K©s*w^3tfs;Grt£"c*a. mm 

ffiaSiJ 1 0 0 0 •CW± 1 3 0 0 "CWT. M$0<iJl 

i oo-cyii 2 o o'CfeTF^j&^-c&s,, 

■r 2? s i *aiA* omwimmm £ <, »« *w«2£fl. 

•5. Sfc. 1 1 5 0r&±TttiSS«c&ft«&5«£'-9- 
^hU-l-^ ^«®©Ho5iSft©PJJH#£ 0 -5 . 3E /t 
-fiance. MM£S^«rKa-Ci8jft$«SIRtc»?fflL«; 
l^fl^itef&*£i;*»T<fc4fc*>. *©fel$1x£&4> 

l>. fi£o-C» xf**-> + JUjfcgfJ©"*:/* b \s-b*3 

c o o 3 3 ] tonton©«M*»*«:a-5 < t . B7~i 

4. HMsaari* terra, mtttmsttxcir^. x 
*u + ^»<ia©A:«>cctt^s&SMkja©^fiS«:SP 
B«-Ste«>«:*M{ktt^»ll«ifCJ»«i«-r4C4* 40 

[0 034] J&Ut©* ffifttt)£©ISCCfflR£ai£ 
fclSA* x f 5? + ^ -f 7* b \y - b f> x /■» £ U T 

n»s«fc-5%xf »+*/+jWBJiSfj(c^®*s(r>t*ffl so 
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**rss. 

C 0 0 3 5 ] *IS!8©aBR^rtr©-9-^^ f- u - h -> U 3 

> ^ x ^ «c x t* * * + >im * im t fcf y a > 

Sffi©«fcS:ia«r0 1 CCjjrT. 13 1 CC*a>T. I Gil 1 
!&S^^*D-f-^ h U~ h^y =>>^x^ l a±«c. 

xf*+i/+jn/*^ h u- h^x^i?ffi2£/M, 
isa9i±^cc«Be©»a*fl:-c»ai/fcs/ y n>?x^ 

xf^ + ^-t-jL-M^JftSl/fc^y =J>^ft*«©ftfcS: 
0=&02iC^-r. 02(C*5l»r. IGMld.^RISa 
JR»*lfc««l cRCJ«jW^IB«Wl b36»6flc*-9-^ b 
y- bisV 3>'^7xy^ l±iC, if$t->tJH/t7' 

[0036] 

*hbj« c n 6 ©HJSFii©ieiS{c «tor*iiK3n^fe© 

[003 7] *»WK*»»*?|±tflSfl©ft«i^ii-r 
4«jS*tt*«*«S. t&a&K8 W>?ffl (i£S2 0 5 
mm) r. e^SBPM (^a>K-^) . iS.tn.mit 1 
0Qcmt«5. &*J t ±ie^ B ^t«SiJia«:. tSASAJ 
S-O^-m {WM.Z 0 5mm) "C, ■£#M(iPS (^"n 
>F-7') . ffijn^o. 0 2Qcmt!*4ISft«>Il 

(5M3R««iUr2. 0-5. 0xi0"at 
cms/crf . l5K^a^il/-C7. 0~8. 0xi0 17 at 
cms/cm 1 . iUg?jfiHS^£l/-C9. 0-10. 0x10" 
atoms/cm 1 ©igffi (KflHAStt. 'sS^tRiRffiKJ: OS'J^ 

tl<Dm^i> 1.0X1 O 1 6 atoms/a^ (jisJI-RjRffi 

J*)80k g©M*4*^«0. IS2 0 5mm©^6 0 k 
gr©3M§JW>=f? h€:f^Lfc. ^^©jStoi. 
h'-^Oi"j3>lfiKC'VDS (Chemical VaporOepo 
sition: ^t^«ffififi*ffi) KJ:»)tt<t«4:JKBSLfc I J» 
x^?:. /SW©^B${C|5jB^(cjg*i-rc<t«:J;0tfo 
/c. -> y n >gl!fgcfi©^?SJgttMI4<!: UTI3B$(cjggfi 
LfcMftfll-W^ x^©Mb^©JS3^e> 1 tSC*A:0©M 
5S15imt. !lc^©g|gvaK«c*fL/r^ft]r^#e{b 

©^^a« sims ra'is L/fc* 1 . sims ©tsmr 
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m~C$>2> l.Oxl 0 1 4 atoms/cm 3 & : (M<Di&&lCfflLX 
iSBtifi 1 . 0 x l 0 1 4 atans/cm 1 «TO«ttrtt«rificr> 

ci<. s iMSK:<t*^*^*©ft«ai»«ear* 

ftH> r> tcifi* 1 . 0 x l 0 1 J atoms/cm 5 &Lk<D&3kfflg. 
(Om^s S IMSlC<fcQ/<?*^£>KU^U©2« 

[003 8 ] v»;n>^s»ss<DS8^c*ytor«, 
rtri ioo'c-i i50°G^-c^ao, ^oafiftTk 
Co o 3 9 ] *»?!K:*5C»r»i&iite^y=j>*aMt» 

«<D»fl6«, S*gStS£:5 Mmiei, if^^tib 

«K{fc**:*=l : 1 : 5<DSC- 

U u-f ^;^r^;^^>^-LS 6 o o or-M 

mztizo. i /xm«±©cop^aB«*aiJ3Ei/fe. c 
op^Bra*>%£g?i^<o*ai*ffi<«»aitt fc sc- 

-IfTBraflWM^a (OPP : Optical Precipitat 
e Profiler) CCiOgBS 1 MmOfirgCC^ST SiSSSS 
irO. 1 jum«±cD^-YX(D^PSmS*tt»JL/c 0 O 
PP«:J:*}#itij£n£0. 1 MmeUKO^pgtt^— f--< 

z^mttmc&^xnhtLhcop'Kmmmt 1 : i 

<D88«^*4. I 4 ^ X^iB^IStr 2 0 n m«±(08R^ 

i /imtcsffir^a/j^Pi, i Gjasofte 

«SaXB©*JS«:H^fc. Sfc, lxlO^ffl/cm 1 

^riooo'cri 6^ra<Df»«iffl«:m\ * 
ft u -if - h * y <* a^cfigi&fcHjSiKx ? ^ > 

xt'^+^ + ju^y =»>^^atg^ffl(ca. x? 

ttft <t^D^^*«&*iSfc;RK: 1 0 1 2 atoms/cm 1 II 
fflr*SCMOSJ»«a**Lfca. 30mm' -y-fx 
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op/N«***taaui«:ffflEi/. p/Ny-*«* 

[ 0 0 4 0 ] « 1 < a ) (b)-S12(a) ( b ) fc 

J:c«S 13(a) (b)^SU 
( a ) ( b ) CcJt««(cMr S«^f^*aiWBW 

io [0041] (Xfbffl i - 6 ) mfo&l 1 - 6 -ct*, * 1 
(a) te<fcOf»2 (a) CC*-i-J:5&iSBi*fr'CH3K: 

fc. ttft. ill (a) tfffiKSl OQcmcDteSCC^S 
feOX ^2 (a) #fi!/UJS0. 0 2Q cmO[>*Sa«:Cft5 

[0 04 2 ] C (DC Z S^A9JlS»S»tSA^I«8 

20 9bi*^ 2 titcJl y # 9 <t ? |_B^> y n >8 a s 

9 (omsmtmm t - * 7 tmm t - # 7 * 6 ©sums 

c*«cC»IB«i*«iia(ir&*8tc«fco-rSBK3+i, t®IB 
9 y >HWR<D»5l>«: i fe ttl* i/ U a >IBffijKB 

t ? z> <o * is ^ » cc j i/ 7 * " 9 ^ mm $ 5 ct 5 ic 

fe^U^o 5l*±tfjp4rtcc«, STSti/c5l*±V 
b^I 1*«J*-TS^^^^ 1 2^taW6JhTC^4. CCD 

3l£±tflFrt4K:tt % 3l*±tf^4«:*JsE3tifc# 
X8AP 1 3*>e>A r //^fti'iD^^ASn, 51* 

*H»'S'**Hi«ca5l*±tfiPrt4«:«*-r4S i 

[0 043] Hite^d l {mm* u^uriSM*. 
2«(S^^u^;ur^^. *««3«isa*u^;ur 
iSK*. H3«W4ttKaSRU^Jl/rfiMSR. HiSW5« 

*©3ttftr*4. eA^PilftttSSaft (Tin) -8 

oo*c^r«2. 4t/^^o. 8 VftoEir^ 
so -rL*>s?as©H*r-<rcc^c^r 2. o"c/^«±r« 
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tefa ~>tc 0 4/c8 0 0'C-4 0 0 # C©teJ!iBJK««Kc*j 

5/"j3>*»«|**ff«L3fc. tSASFfiEISX 
l££l (b) *$£0**2 (b) CC^To ik'^Wl/ 

^x;MD^S^6*££ 1 //mJTOii^^t, iSS 
W*©*-fX#0. 1 jLtmfeLbO^B <S?L^K> 10 

^^■rncDfe H H B^ i . ox i o j my cm 3 jyr-es* 

rfc 1 0 s ffi/cm 3 Ls^JWft&tett^XfemtZtl 
Jl<D*feS4> 1 . 0X10' i/cm 3 IG 

si¥«£<dx tr * * ^ + ;i/»p^©ISS^Bi^«S^r 

<DWMzm <o * tr # * ^ + ^©s? # tB l a u o 
fc. *se»«cc 5 ^ y =i > ^an*s«tDK9flifi« 

1 CC^To 

[0 044] (§06017 — 9) ^fe#J7- 9 K:ot,>T 

13 (a) (b)te^g4(a) (b)«c5l±W 
W«C«i«HttWffl«**^r. ttfc. *3 (a) 
(b) #jgl/i*l 0 Q cm<DttfiCCfiR4fe(D, SI 4 
(a) <b)#«K*0. 0 2QcmOM B B a (C^^(D 

9iiiSM^u^;ur. 04Cc^TJ:^^3es^iP^S2 
0 «IJbW*KKKOfcC Z#*§»WfiJ»K*m>T3l 

*5C^r2. o°cx^«±c7)^JiiSr^o/Co 8 0 0*c 

^64 0 0X<Dt6ASttttHO^aatt«. 2. 0'C/ 

#-o. 5 v^-r i tRaeiBi^t^r fc^i^ 40 

h U- h^y:a>9x"0fHB&»6SR3 1 m 

«±<Dfc« (£?LXRB) ttttttc*rft©«lifc 1 . 0 x 
10 4 <@/cm J UTrfii^n, tMt2 0nm 
«±<D»/J^B«co^r<> 1 0 J fi/cm J U^c^-cSE 
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/J^RSSSWt^mcDttat 1 . Ox l 0 8 ffl/cm J 

tt.hr* i GffljRcc^tt^iBoawaJWnwme 

^'J3>«)*^*I (-Tfrfc^ xtf £*-> + ;UB<b-y- 

[0 04 5 ] (Hftffl 10-12) HftW 10-12(2 
oc>r&, ^5 (a) (b) *5iCfS6 (a) (b) Cc 

( a ) ( b ) ^JgJn^ 1 0 Q c m<D«SIIrfCfi%£ « 
6(a) <b)#«Ja*0. 0 2Qcm(Dfe s a ^fe 

HfiSWIl 2«iSBBRU^I/r. i5^t<i:^cC^ 
*P£SS3 0*5l±JPft«:»llOA:CZ*B*WfilESae4: 

m) -8 0 0°C£Ti22. 4^/^6 1. 5 "C/ft<D 

fSajattTJittl^. 8 0 0 -Cj&>6 4 0 0 °C<DSSffi« 

i. 6'c/^6i. 2°c/^©ffiir 4 isssao 

umxf^^^ffig^t i/y=i>*a«ttlS*ff 
C*r*l©ISafcl. 0X1 0* ffi/cm 3 «TT?{£®5 

ft, fifflftire 2 0 n mW±QfiS:^Pfloco^r fc 1 0 

[0 04 6 ] (HiftWIl 3-1 5) HJSfiWl 3-1 5(C 
oc^r^. ^7 (a) (b) *$<fcWR8 (a) (b) CC 

< a ) ( b ) tmmm ioqc mom^m^ho. a 

8(a) <b)#fiK*0. 0 2 QcmCDfefiCCfigSfe 

(Tm) -8 0 0°C^r«6. 5*C/^62. 
0 # C/^CDffiHT?. 36CC8 0 0 # C^64 0 O'CCDffiffl 
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&2. OX/^Hl. 2°C/5>cDffifflr. Tm^6 8 

o o •c©^r©ttaait«««:*j^r 2 . o -c/#y± 
cw&afflisr. £e>cc, 8 o o»6 4 o o'CcD^rco 
tt»ffltt««ccte<r>r i . o a c/#«±<D#awiKr * 

)BH»ffi^6 4 o o ^*t©je«h©is*»is««*:£ 

<D£?LKB<>1f-f X2 0 nmU±<DWl^KV&i>mmtci& 10 

tec>r, ^rtifei. oxio 4 fi/cm 3 «rrigi^ 

t-^*^^^jBrt©ftfl^PB**««^r*0, xf£ 

[0 047] (HJSS^Jl 6-2 1 ) HJSWl 6-2 ICC 
O^Tfc, SI9 (a) (b) tecfct>*3tl 0 (a) (b) 

(a) (b) iflmn&l 0 Q c m<D*SfiK:«£fc<D, 51 
10 (a) <b) j&ifilfiSO. 0 2Qcm©fefl{C«5 30 

(Tm) - 8 0 0 o C$r(i6. 0 # C/ 

#(DIBBt\ t 6 8 0 0 ©*s ssfiSBSic 

^t2. 0*C/»«±CD^aJjlJgT?^>o/Co 8 0 0*C 

*>64o o'ccDieasaiBHojftaijiKw. 2. o # c/ 

XI. OX/frlU^Vft&m&X&tefr-ytc. iff&Ltc 
mm l 9«iWHRU^;U-C(SM3R. %ttffl2 0ttiCftft 
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hi. Oxio 1 f/cm 3 HTr(2^D 

zbtc&mftbmz i umSTommicto^xiyi . o 

X10 J fB/cm J «TrS»CC(fi«ShTCi4. QUI 
&ITC2 0 n ai«±<Dffi/J^PB{CO^rfe^ffi*5<tC/|? 

BB^eaes 1 um£r<D$prc 1 0 4 fi/cm 1 yrr 
B«fittt>rn©te H ^fe i . oxio ij fl/cm 3 eg 

So &te. ttlMfi© J- + V t iHirtOSSX 

[0 04 8 ] (SOBW22-2 7) H»«2 2-2 7«: 
o<,>r6. *9 (a) (b)*JiC«10 (a) (b) 

cc?i±cfw«o«»afeftiw«is**SKT. st9 

( a ) ( b ) #gt7i^ lOQc m©i(SJMC«5 b<D, §t 
10(a) ( b ) Amtfim 0 . 0 2 Q c mCDfefiteffi* 

IWU 0-^1 2 iHfiL H5 6c^T<fc9ftCZm*SSW 
@S(Tm) -8 0 0'CS*C(J2. 4V#*6 1. 5 

'c/ftcomfflx\ mummm-f^xicte^x 2 . o°c/ 

»«±©»SBMtCttat**«, 8 0 0 'C*»*> 4 0 0 4 C© 
SSffl&i 1 . 6 W C/5M>6 1 . 2 f£fig 

iBHo^rcDiSfiastsscctei^r 1 . 0 °c/^«±<o 

?:5/2mxt^^>t;l/ffiS3t, 

BSfiU/fcaMEiBI«r, H3»«2 2«l^JRU-c;urfi 
mM, ^tt«2 3«fiS*u^;u-c4iM*, »W2 4 
ttfifiBRU^<JUTi«MR, SUfi«2 5ttiBS*U^l/r 
(g^, SOS«2 6ttlWBRL/^;i/rc|3BBR, HJSM2 

7ttisa*L/^;uriBBeR(otta-c*s 0 xtn^t 

lim&XiDm&tiCte^X. SLSfe^-CO. UmtliO 
1 . 0X10 J I/cm 3 «TrgfWCt<gig 
Sti, iSS»»r2 0nm«±oa/J^filCCO^r&l1i 
ffifc<fctmDSa>6§g3 1 Mm*-C(D|i^"Cl 0 4 ffl/c 

*^©«S4>*«« <^^l/^««) r&2 0 nmWJbCD 

a/j^figffiS^^rncDMSfc 1 . oxio 5 is/cm 
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^#&Uifta^/c. 

[0 049] (mMffl2 8 — 3 3 ) 9mffl2 8^3 3CC 
oi^rfc. 319 (a) (b)fcicMlO (a) (b) 

(a) (b) ^JStx^l 0Qcm(D^ic^^4>cD, a 
10(a) ( b ) #fg£t^ 0 . 0 2 Q c m(7)*£,f|K:{&£ 

(Tm) -8 0 0°C£-C«:6. 5°C/#^2. 0 
°C/#CDffiHt\ £6K8 0 0*C#»6 4 0 0 °C<D«gffltd: 
2. O-C/^6 1. 2'C/fr<DmWV. Tm^68 0 
0 *C<D±Z (D&gkUmmtC&^X 2 . 0 °Z/9tniL<D 

ft£Pil«-c\ £*>&t, 8 0 0»64 0 0 9 co*r(D*s 
B^g^cc^^r i . o °c/friu±<Dtt&m&X'& ~> 

9^®^^u^;ur*^. ^SS^3 0«ffiS^u^ 
^M3 itemmmis^vi&wtm. mmm 
3 2 «H^u^;ur*^, mmw3 3 wmmm^ 

(DVJX&Q. 1 um«±cD^RI (^?L^RS) fflSttO 
r*i<Dttll<> 1 . Oxio 2 fl/cm 3 HTriiBtfD 

rtsffifejccxistffi^eais i um*TO««n o 2 

Ttf 2 0 nm«±©SR/J^|«aaecoc^rtt 
IvTfUDISAfcl. Oxi0 19 i/cra 3 SSfffiEU 

ft if oak/JyJcBox tr $ +2/ * ;UJ1 ^£>3££ ffi L 
[00 5 0] (^043 4-3 8 ) #*fe0i)3 4-3 8 
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1. 0X 1 0 1 9 atoms/cm 3 U^JKDiS«a-CBBRJ«K« 
1. 0 X 1 0 1 ' atoms/an 3 (Dm^iy^McmonBM 

x 1 0 1 3 atoms/cm 3 fcl± 1 . 0X10 1 6 atoms/cnr 3 fel 
T, fccfcO^SififiaU. 0 x 1 0 l 7 atoms/an 3 «±<D 

11 (a) (b) &£0**1 2(a) (b) CCtST. ft 
*J, Sll (a) ( b ) &mtim 1 0 Q c mOJftBCCflfc 
S^©. 112 (a) (b)3&ifitS$0. 0 2QcmO 

i£Kte<g@SS ( T m ) - 8 0 0 °Ct r « 2 . 4 *C/# 

^e>o. 8°c/^<oa5H^rufeSiaffiffiH"r^r«e: 
*>t,>r2. o'c/#ti±T«&a>ofc. £/t8 0 0°c- 
4 0 0 # ccr)lSfiiBUSffl««:*jiir « 1 . 2 "c/*Mp6 
0. 5-c/^©iBHr^rofeKias«HT-<rtc*5^ 
ri. ox/»«iw^o/c ( Mktfat*, %Kffl3 

4 cb 3 5 «i®IB$FI©M^IS/ci6, **l*tlA r 

nmnvi iooweo»i5#, xttn3 6a«M& 
i»ia©»«4i5fc«)a«»i»r 1 1 oo c cr6 

^hfhA r#Igri 0 0 0°Cr6 0#£A r# 

H»r 1300 •CT?5»a>«y8iffl*Jso/c. Kaswr 
0. 1 umu±<D^nxffi<D±t'z*is+jimt-*r7z 

fittMBHiBftc^r. 1. oxio 2 my cm 3 arrta 

oxio 3 11/ cm 3 u^;ut?se5RtcJ;b^TSi*«:fi» 
UtC^ 0 */c. 1f^X^aS^*r2 0nm«±<DgS 

Oxio 4 ffl/cm 3 «Tittor*5 0»3tfft^HB«a 
('W?fHtt) T«2 0 nmHi©a/I^fi« 

Kttc^ti^at 1 . oxio 8 i/cm 3 «±r* 
s<h uttt, ma^ti/j^Btf^rsffim^ftD. 

1 1 0 0-C*6 1 2 0 0"CWK*«»*b(r». *te, #H 

H»cctei»r^B<D-JB©ffi«^a , 5na. ^sbsm 

tt, SB#ra&5i'xt-^*^ + ;bH#®^ifi(D^B®e(D 
ft#£>£C£> Se>«cKig3^ hOtB*>6 5»fiLh6 

^*^+^JBrtoteii^Ba4»«»r*«3, xt'^ 
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[00 5 1 ] (*»W3 9^4 1 ) **»«3 9 3^6 4 

6 0 JWOKWCK, mm&mt l. Oxi 0 18 atoms/cm 
tlS«l*W. ttXiUEftSl . 0 X 1 0 l 'atoms/cm 3 «± 

ill (a) (b) Wil2 (a) ( b ) (CtSTo 
&Nfo\ $11 (a) ( b ) tftf 1 0 Q c mOttSiC 20 
£S£fe<7X 112 (a) (b) #83**0. 0 2 Qcm 

©tta«c»*fe©"Cfta. su6fl»j3 9tt, 14^tj; 
^ttcz«eiiirfiE*«*ffl^r?i±cfw«o. *sa# 

*PiSSW«@fflffi (Tin) -8 0 0'C*"CB6. 0 *C/ 
##6 2. 0 •C/»(DJSHr\ Tm^6 8 0 0 °C<D£T 

oiuKMick^t 2 . o v/a&Lk&ft&mm? 

&>~itc 0 8 0 0 'Cfr 6 4 0 0 'CO^SSSffifflO^iPai 

2. o°c/#~~o. 5°c/ftv ! &'?bi>mMm.m 

*-*fc. 51X014 0t£. H5te^T<fc5fctta©?ft*Ptt 30 

9i±wwrtu «a&«fiEBU2«saa (Tm) -so 

0'Cir«2. 4t/^6 1. 5-C/»©«it, R 
taStaHT-<T CCtet >T 2 . 0 X;/ft&Lk<DfttQm&.~C 
8 0 0 "Cfr 64 0 0 'COJSBte: 1 . 6 'C/# 

#6i. 2u/#<d$5Ht\ RaeniBBo^rotSAa 
K««cc*cir i . o •c/ft\a±.<D&&m&v$>^tc 0 
$mffl4 i tc^-Tct 5 &ea<w&S9ife#£i«tf> 

fiRU tta&0Sfttt8Baft (Tm) - 8 0 0'CS-C 40 

. 5'C/^e>2. 0°C/#<D©H-t\ £6&C80 
0*^64 0 0*CCDi5EB«2. 2 *C/ 

^OiBHT, Tm#6 8 0 0 0 CQ±r<D*3 B ^SSM^Ct 
*5l>r2. 0X:/#JW±O^ilfir, 36fc, 800 
"C#6 4 0 0 •C<D±X<Dte£L&&tm< l Ci6^T 1 . 0 *C 

x / >Ott«iffl« A r li^T 1 1 0 0 'Cr 6 0 ftmfa O 

tc 0 *iBfi@w»64 o o - c*r©affi«i«*^r*:fe# 
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r ficwsa *> * e * * w j wb »affT^Rsaf «jwsa 
4b\ fBfikox t'^+i/t ;wBrt©jtesxng«^ 

[0 05 2 ] (H*«4 2^4 4) :«SSS0» 4 2 4 

4«. *sa5i±tfWJss«ccs»*aR»nL, ^eata 

t'^ *-> + JUS* 5 m U ^> ra >*«K*3SSr 
*4. #||ig0!lT-tt, SSRSffifcfcl. 0X 1 0 19 atoms/ 
an 3 iUCOjffifiKrffi8R7ftKtt 1 . 0 X 1 0 1 9 atoms/ 
an 3 ©■«ffiU^JUfcH0TKttT5#. #HJ60«CJi 
S3tfflSK> J 5. 0 x 1 o 1 3 atoms/cm 3 fet 
±1. 0X1 0 15 atoms/cm 3 J^T> *JcfcO*»*T*fl[^ 
1 . 0 x 1 0 1 7 atoms/on 3 tLb©«fflT?S!ifi 5 tlfctta 

WOSSa^fr^iVRflEISftttftl 1 (a) (b)*5<fc 
Oll2 ( a ) ( b ) K^To &*J* ill ( a ) 
<b> OQcm<3D*a«:«a4©, «12 

(a) (b) ffifflRmo. 02Qcm<Dt£&lcm&i><D 

5i±wwj«u, ^a^iijg^aasa (Tm) -so 

0XIKB6. O'C/^6 2. 0°C/^(D«5fflr\ T 

m^6 8 0 0 •co^r<o*saaa[««tc*ji>T 2 . 0 °c 

/»«±CD?^ifIjISr ft o fc. 8 0 0 -C3^ 640 0TO 

mamsmm<on&xmt. 2. o-c/^o. 5°c/ 

Hfflffi (Tm) -8 0 0"C*r«2. 4'C/»*6 1. 

5 ; c/»©«Br, ssa[j6H-r^rtc*jcir2. o*c 
/»eLh©?»aiiiflE'Cttaii*j, s 0 0 -c^ 6 4 0 0 °c 

CDffiH(3: 1 . 6 -C/#j&>6 1 . 2 °C/^(Dffifflr. iga 

asH<o£r oisaaiSffi«Kc fcori. 0 - c/»fc{± 

teao?&a*6**il5«6S»a*RKLteC Z^ B W« 

(Tm) ^8 0 0*C*rtt6. 5"C/»*6 2. 0 # C/ 
5K>iaHT. $6CC8 0 0 o C^6 4 0 0*CCQ«gffl(i2. 
O'C/^6 1. 2'C/^cDffiHr, Tm^6 8 0 0°C 
<D£r©JBaSfi««Cc*5t>T 2 . 0 m C/&yik<DKi& 
jiar. 5 8 0 0t*6 4 0 0 *C(D£T(D*£aa 
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1 0 0"Cr 6 0&m&Ltc o »HiBK^6 4 0 0'C£r 

Sft*^*^***. l>tf4a<DlSJife-*-YX0. lixm 
£Lb©2S7L^B {Coc>rfct-fX*S2 0n m«±©»^ 
Xffiicm L x x tr £ + ;u»siiaT©iXB«JS3W l 

2 0 n m«±6^PB*«« 1 0 9 ffl/ c m 3 U 

CO 0 5 3] (it««l-3) tt««l*>6 3rfa:. B 
03 CCtfT J: 5 tt«F«:«Jift»»K*»6^ 4 c 

(Tm) -8 0 0°C£Xlt2. 4°C/ftfrh 20 

o. 

r2. OX/^lhrii^^ot $fc8 0 0 e C-40 

0 o C(DM^?aSM^^^0^r tt 1 . 2 'C/#J&> 6 0.5 

6C*ISJiJB*5/imxfc:**l/ + ;l/fiEfiS-tt, J/'Ja> 

mil3(a) (b)W«14(a) < b ) CC 
^*To &*>\ 113 ( a ) ( b ) #ffifit^ 1 OQc m© 30 
fcGK » 1 4 < a ) <b)tftt£U*0. 0 2 

*t*ris + )\sm±*nx V U- h ^ai^OWffi^^aiS 1 

TT£Mfate&£&CDCD, 5. Oxi 0' fl/cm 3 ti 

T*c«&6-r«fai o j i/cm j u-^jKoiWfarr* 

1 vm&xofflmtte^x. s?g^5. ox i o s m/ 

c m 3 «T«l6«-a-r 1 . 0X10* i/cm 3 «±<D 
r«i. 0xiO 7 i/cm 3 

[0 054] (tbRW4^6) tktaW4 35P6 6r«. S 50 
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5. OX 1 0 ls atoms/cm 3 Sffi U t$A4>0SXiaiS 
#5. 0X1 0 11 atoms/cm 3 f fctofc, K 

RSJDftiaiiUfc. HifiWflEB. 03K:7R-r<fc5fc 

^8 0 0'C*"Ctt2. 4"C/**6 0. 8°C/#<DffiH 

o /c, ^/c8oo 8 c-4oo "cms^umMm 

XX hU- h^x^ib^CD^SCC^ a B B Jl^:5 umx 

fc. ttmwvmmmftte^vww&mmi 3 (a) 

(b)fcj;^114 (a) ( b ) CCS***-. S 1 3 

(a) (b) asistssi o Qcm<Djeatc«5feo[>, a 

14(a) (b) 3&sfi!S»0. 0 2Qcm(Z)^cK 

XX hU- h^*^<Dj?ffi#»6i£<* 1 f/mSTflMWsSfc 
?L^RS) «S, *ffl(W<D1f *f X#2 0 n mJELb©*^ 

^tLS^l 0 s (l/cm 3 U^c;b, 1. Ox l o 6 ffl/ 
cm 3 (DU^JUrig^JgT&ofco — Iglf h U 

BttKOitaUBft^tl-ri. Oxio 7 ffl/cm 3 

mm* I GMOTHt^&t^ ft*5, ^ % 

xt^ + ->^;l/@4lf ^x h U- h^^>'^cD^ffift 

[0055] ammi ) j*K«7a. s^o^afi?: 

*Sfl5l±tfirjflEB*, BBtt , 4»©aSR«fi3W4. 5X1 o 19 
atoms/cm 3 ggil, IS B e 0 ^iMg^3. 0x10 
^atoms/cm 3 ?I^<b U/c. "T&to%. S*%ffifflCC^< 

asttiL/t. H3«c^rj:5a«F«:jeaauft 

WfiSL. ^lSf&fiHXa««Saffi (Tm)-8 0 0« 
TB2. 4"C/#*>5 0. SV^DBlWLfcSl 
aatBa-r^r^c^d^r 2. ot/^ltii&^o 

/c. ^c8 0 0*C-4 0 0 'C©JeafiK«I«W:feCir« 
1. 2'C/^5 0. 5X/^C0ffiHr^rLfeBEaK 

EH-r^rccfe^r i . o - c/»«±r«3a^o/c. w 

h^^^<ht^CD^ECC^te Q B a ll^5^mxe^ + >, i , 
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©«JKfe(**J <taWO*S*{*« 13<a) ( b ) *5<fctf 
S14 (a) (b) CCm-To fcfc. 3il 3 (a) (b) 
^fi!n*1.0Qcm<Dttaccffi4feCD, Si 4 (a) 
<b)#«K*0. 0 2Qcm<D^&^C%ib<OVb 

#0. 1 /xm«-h®*« (ffiTL^K) *flL iSSgSgtO 
«1 (a) 
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[00 56] 
C*l ] 

y-'JJ^ggfega : 1 o a 











/cm 3 


mm/fr 


/cm 3 


/cm 3 


Tm-800t 

>2.or/^ 


800— 4000 

>i.<rc/# 


MAS 




1.0E17 


0.8 


1.0E14 


3.0E17 










2.0E17 


0.8 


2.0E14 


8.0E17 










5.0E17 


0.8 


5.0E14 


9.5E17 








353SflJ4 


8.0EI8 


0.8 


7.0E15 


3.0E17 








IM0IJ5 


1.0E19 


0.8 


1-0E16 


8.0E17 








*««6 


9.0E18 


0.8 


8.0E15 


9.5E17 









O : I0HP9. 



SI (b) 











t-fX>0.1ittm 
/cm 3 


•tM X>20run 
/cm 3 


if<X>20nm 
/cm 3 






9.0E2 


1.5ES 


1.0E9 






9.0E2 


6.5E5 


5.0E9 






8.5E2 


6.0E5 


6.0E9 






6.0E2 


1.0E5 


1.5E9 






6.0E2 


5.0E5 


6.0E9 




«M6 


9.0E2 


5.5E5 


8.0E9 





[0057] 



30 [*2] 



# 



C16) 
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/cm 3 


31-baiK 


/cm 3 


/cm 3 


Tm-SOO'C 
>2.0r/» 


800— 40013 

>i.ox:/» 






5.0E16 


0.9 


5.0E13 


3.0E17 










1.0E17 


0.9 


1.0E14 


8.0E17 








3fcfc0U3 


2.0E16 


0.9 


2.0E13 


9.5E17 








*WJ4 


1.0E19 


0.9 


1.0E16 


3.0E17 










1.0E19 


0.9 


1.0E16 


8.0E17 








f£ffi#J 6 


1.0E19 


0.9 


1.0E16 


9.5E17 









&2 (b) 





xfcf^®-?$£ lumXfa 






/cm 3 


/cm 3 


tH* X>20Tvn 
/cm 3 






8.0E2 


1.0E5 


3.0E9 




&36M2 


8.0E2 


5.0E5 


6.0E9 




»e«3 


7.5E2 


5.0E5 


6.5E9 






5.0E2 


1.0E5 


5.0E9 






5.0E2 


4.0E5 


8.0E9 




b 


8.0E2 


5.0E5 


9.5E9 





[0 05 8] 



BS3 (a) 



* * [H3] 





















800 -400 r 






/cm 3 




/cm 3 


/cm 3 


>2.0tV5> 


>1.0«C/# 






1.2 




2.0E17 


O 






#i«#i8 




1.0 




8.0E17 


O 






H^9 




1.1 




10.0E17 


O 







O : ftBl*U 



2e3 (b) 





xfc:*®-^£ lam^W 






/cm 3 


*M X>20nm 
/cm 3 


vC>20nm 
/cm 3 




5ISSW7 


3.0E3 


1.0E4 


1.0E8 




50609 8 


5.0E3 


2.0E4 


5.0E8 




HOT0I9 


6.0E3 


4.0E4 


5.5E8 





[0 05 9] 
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*4 (a) 

















Tm-800t: 


800— 4oor 






/cm 3 


mm/# 


/cm 5 


/cm 3 


>2.oc/# 


>i.<rc/» 






1.0 




2.0E17 


O 










1.0 




8.0E17 


o 










1.1 




10.0E17 


o 







O : ttHrt. 



3*4 (b) 











■y-r X>0.1#m 
/cm 3 


tf*f X>20nm 
/cm 3 


1M X>20nm 
/cm 3 


Iffi/^x^ 




2.0E3 


1.0E4 


2.0E8 


tftttlStlttlr) 


Ifcttftl 8 


4.0E3 


1.0E4 


6.0E8 




9 


6.0E3 


4.0E4 


8.0E8 





[0 06 0 ]' * * [315] 













9i±aia 






Tm-800T: 


800— 4oor 






/cm 3 


mm/rfr 


/cm 3 


/cm 3 




>i.ot:/» 


3dfc0* 10 




1.0 




3.0E17 




o 








0.9 




8.0E17 




o 




sfe&fg&J 12 




0.8 




10.0E17 




o 





3*5 (b) 





XtrSfctS-SBS l/xm^W 






/cm 3 


X>20nm 
/cm 3 


/cm 3 




mmw io 


7.0E3 


5.0E4 


6.0E6 




««M U 


7.5E3 


9.0E4 


2.0E7 




*)fim2 


9.0E3 


1.0ES 


4.5E7 


ttJBStl&fri 



[0 06 1 ] * * C*6] 



56 (a) 










: 0. 0 2O 


• cm 








/cm 3 


31-haSS 
mm/ 5^ 


/cm 5 


/cm 3 


Tm~800<C 

>2.or/# 


800—400^ 
>l.(TC/# 




io 




0.9 




3.0E17 




O 




*afe#i n 




0.8 




8.0E17 




o 




mi&m 12 




0.8 




10.0E17 




o 





3*6 (b) 





Xtf#So-8R£ lum*« 




xfcfjf*pfe 


*-fX>0.1am 
/cm* 


»*f X>20nm 
/cm 3 


Iff X>20nm 
/cm 3 




io 


6.0E3 


4.0E4 


7.0E7 






6.5E3 


7.0E4 


4.0E7 




2tfS0»] 12 


8.0E3 


9.0E4 


8.0E7 





[0 0 6 2 ] 



* 
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CIS) 
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57 (a) 









/cm 3 




/cm 3 


HUB* 

/cm 3 


Trn-SOOt: 
>2.0t:/# 


800-400^ 

>i.or/# 








1.2 




3.0E17 


O 


O 








1.1 




8.0E17 


o 


o 








i.x 




10.0E17 


o 


o 





- : mmn 



&7 (b) 











/cm 3 


-fr-f X>20nm 
/cm 3 


iM X>20nm 
/cm 3 


/B/^x/> 


nm&\ 13 


1.2E3 


8.0E3 


2.0E8 




mm 14 


3.0E3 


1.0E4 


6.0ES 


affiant 




4.SE3 


2.0E4 


5.5E8 





[0 06 3] 



^ * [?I8] 







/cm 3 


mm/ft 


/cm 3 


/cm 3 


Tm-800t: 

>2.or/# 


800 ~ 400 1: 
>i.ot:/# 




mm® 13 




1.2 




3.0E17 


O 


o 




£as#i 14 




1.2 




8.0E17 


O 


o 




mmm is 




1.2 




10.0E17 


O 


o 




5*8 ( 


b) 









/W^*RS 




-iMX>0.1*m 
/cm 1 


X>20nm 
/cm 3 


1M X>20nm 
/cm 3 


IK/^x/N 


nm\ 13 


1.0E3 


5.0E3 


4.0E8 




i4 


1.5E3 


1.0E4 


8.0E8 




*JfiM 15 


3.0E3 


1.5E4 


9.5E8 





[0064] 



[»9] 
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£9 (a) 



'U 3 >£«ifclgia : 1 OO • cm 









/cm 


mm/fr 


/cm 


/cm 


Tm~80or 
>2.ot/# 


800-400T: 

>i.ot:/# 




^EjSSW 16 


2.0E16 


0.8 


1.5E13 


4.0E17 


o 


- 


- 


/ctj ■tfrr nar i t 

^J80U 17 


2.0E16 


I 0.8 


1.5E13 


8.0E17 


o 


- 


- 


*fc/?BWi 18 


5.0E16 


0.8 


4.0E13 


10.0E17 


O 


- 


- 


IsBlW 19 


2.0E18 


1.0 


L0E15 


4.0E17 


O 




- 


3*26 W 20 


2.0E18 


1.0 


1.0E15 


8.0E17 


O 




- 


l&fitfl! 21 


2.0E18 


1.0 


1.0E15 


10.0E17 


o 


- 


- 


^JfiW 22 


2.0E16 


1.0 


1.5E13 


3.0E17 


- 


o 


- 


2fe&fiflf 23 


2.0E16 


0,8 


1.5E13 


8.0E17 




o 




VktikW 24 


5.0E16 


0.8 


4.0E13 


9.0E17 




o 


- 


3&8g£J 25 


4.5E18 


1.1 


3.0E1S 


3.0E17 


- 


o 




mmm 26 


4.5E18 










(J 




AttM 27 


4.5E18 


0,9 


3.0E15 


9.0E17 




o 




3£5fifl 28 


5.0E16 


1.2 


4.0E13 


4.0E17 


o 


o 




29 


5.0E16 


1.1 


4.0E13 


7.5E17 


o 


o 




*£8S#J30 


2.0E16 


1.1 


1.5E13 


9.5E17 


o 


o 




3E5S0I31 


2.0E18 


1.1 


1.0E15 


4.0E17 
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